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T!ie  exVindcd  sets  of  variat  coefficients  have  h’.  e a 

exa’i’.incd  to  ascertain  the  effects  of  altitude  and  also  for 
possible  i’ i { fercnces  arising,  from  secular  changes  in  the 
eartii's  iia^^victic  iicN!.  An  cxaininatioa  of  the  variational 
cocf f icic  I'.ts  calculated  for  tv.'o  closely  positioiied  cosT.ic 
ray  statiOiis  in  Kurone  indicates  that  tlie  altitude  effects 
are  small.  A coiiipar ison  of  the  variatioual  cooif  ic  1^  nts 
calculated  for  three  epochs  of  t itc  ceoma  uietic  field  for 
Western  llon-.i spheric  locatioits  v/here  th'.'  S’eomar’iietic  fii-ld 
has  its  i.iost  rapid  secular  ciiani^e  indicates  that  the  secular 
variation  in  the  vertical  ciitofl  riQiuity  (and  associated 
changes  in  the  asymptotic  direction  calculations)  arf'  such 
that  the  variational  coefficients  calculated  using  either  a 
1935  or  a 1975  model  of  the  gccnagncLlc  field  are  aJetiuate 
for  most  cosmic  ray  analyses. 


1.  INTRODUCTiO:-; 
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Several  sets  of  variational  coefficients  for  studies  of  diurnal  variations 
and  for  in-ansiciit  cosmic  ray  jiheiiomcna  have  been  ])r.blished  (j’vj'cCrackcn 
ct  al.  , 19o2;  McCrackcji  i-t  a).  , 1965;  Shea  et  al.  , 196.^;  Cold  et  al.  , 117-5; 
Binder  ot  al.  , 1976).  The  delcrn', ination  of  t'nese  variational  coi'fficiants 
uliliKc  asyrnpalotic  dircction.s  cd'  ayproac.’n  derived  from  the  calculation  of 
cosmic  ray  traioctorics  throuc.h  a mathematical  mofU  1 of  tin-  geomaenetic 
field.  Jlowevei',  the  g<>oma;>netic  fiedri  has  a secular  variation  that  c.nn 
result  in  cc>rrc sponding  chanf  -as  in  ttiesc;  cosmic  ray  tra  ic  dories  v.hich  w ill 
be  most  prononn<-('d  in  areas  v.  la-re  ila;  siuaUar  chaimeE  are  rnost  ri-.’uifi- 
cant.  In  this  pja.per  a-e  i'.avf  invi  slicated  tire  differi-m-es  hetwe,--,  tiie  use  oi 
variational  crx-fficic-nl  s c aici-.l.ile;'  usiri:;  n'od.els  of  rl  • ri  01  na  l"i<  a R-  fii-ld 
aj/propr'iafe  fm’  1955  ml  l)a',if  r-  c..  ,■  cnl  ,ii  (.a  with  !’,e<in  a r net  i c f>i  !d  moth  ].• 
appropriate  for  li?5  in  rrth-r  to  asceilain  the  \ liciity  of -ui  il  i , hiy  the  oh'-  »• 
tabb-K  for  th('  an.ilys(,'s  of  recently  acf|uired  cosmic  radiati---  data.  In 
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^cklUion  v.f  h.^vi-  iin  rst  i r.'.itt  d v!-.'!’-.  : si  "r.inc.'ml  (ILflerciirf.-s  occv.r  in  the 
vari.tlicHi.il  etu- If icient s c 'llc  <i  > t'  a laMimlain  rncl  a sea  level  station 

closv'-ly  pt)sititjnofi  to  eacli  olia  r. 

2.  METHOD 


Tlie  same  basic  iiu  tliod  w.is  \ili  i/'  d to  i') ve sti <'ate  both  of  these  effects. 
First,  asymptotic  direciiorH:  '..erc  •.  alci\la1  >:d  for  the  stations  under  con- 
sideration nsini'  the  traj'  cloj  y-ti'ac  in'?  i>  c'n;iique  (McCracken  et  al.  , 19'>2) 
with  an  appropriate  gc'cmajjm  .ic  ficM  mud.  J.  Once  the  asymptotic  direc- 
tion.s  were  calculated,  varialianal  cm.ificieiits  were  deterinined  for  each  of 
the.  stations,  usinc;  tlie  niethod  desi  ribed  i)y  Gold  et  al.  (1974)  and  also 
followed  by  Binder  et  al.  (19Ve).  Cosmic  radiation  modulation  spectral 
exponents  rangina  froru  -0.2  t live u :.>‘n  fl.  6 were  considered  together  with 
various  upper  limiting  rigidities  from  a minimum  of  29  GV  to  a inaximum 
of  500  GV.  Next  the.  first  and  second  h.nrmonic  of  the  daily  variation  were 
computed  and  the  changes  in  these  values  were  evaluated  for  each  effect 
being  considered.  Finally,  the  responses  to  hypotlietical  "square  wave" 
anisotropies  were  calculated.  The.se  squ.ire  waves  were  assumed  to  be 
independent  of  latitude  having  longitude  widths  of  lo'^,  30  and  60°  together 
with  upper  limiting  ri'Tditie.s  from  :>00  GV  down  to  29  GV.  The  responses 
were  then  compared  for  the  t vo  efff  ets  under  consideration. 

3.  SECULAR  EFFECTS 


Secular  chanee.s  in  the  geomagnetic  field  reisiolt  in  significant  decreases 
in  the  vertical  cutoff  rigidity  for  cosmic  ray  .stations  in  the  region  of  Latin 
America  (Shea,  1971).  .Since'  ilu;  phase  of  tlio  daily  variation,  as  calculated 
by  the  variational  coefficient .s , depends  cn  both  the  vertical  cutoff  rigidity 
and  the  a.symptotic.  cone  of  accepiance,  we  liave  investigated  whether  the 
secular  changes  in  the  geoina g’lolle  field  are  significant  in  the  calculation 
of  the  variational  coeffi cient.s  or  in  the  application  of  these  coefficients  to 
the  analysis  of  anisotropies  in  the  cosmic  I'adlation  flux. 

We  have  calculated  asymptotic  directions  for  fo\ir  Latin  American 
locations  for  three  epochs  of  the  geonKignctic  field  as  follows;  Buenos 

Aires  (1965,  1975);  Huancayo  (1965, 
1975);  Mexico  City  (1955,  1965,  1975); 
and  Ushuaia  (1965,  1975).  All  calcu- 
laticuis  were  made  utilising  the  tra- 
jectory-tracing technique  with  the 
follow  ing  repre sentations  of  the 
internal  geomagnetic  field:  195  5 - 
Finch  and  L.eaton  sixth  degree  co- 
cfficit'iits  (l-'ineh  and  l.>oaton,  1957); 
1965  - International  Geomagnetic 
Reft,  rence  Field  (IGRl')  eigh.th  degree 
coefficients  (lAGA  Coriimission  2, 
Working  Grunp  -1,  1969);  a.nd  1975  - 
[n!  e rn.'itioiial  Geomagnetic  Rc  [c 
Field  eighth  degree  coefficient. s 
(JACiA  Division  1 Study  Grou]>,  1976). 


TABLE  1 

Vertical  Cutoff  Rigidities 
for  Three  Epoclis 


Vertical  Cutoff 


Sta  t'  T_nn 

Ri  !> 

id  it i es 

jev) 

19.55 

.12.65 

_J975 

Buenos  Aire.s 

10.22 

9.83 

lle.jnoayo 

n.24 

TbO.'i 

Mexico  City 

9.53 

9.12 

8.3:1 

Ushuai a 

5.51 

5.29 
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A comj)  1 ri  ;.<>n  i>f  th'  iii.i'  i:'  v.i'.t  (lif  f-  n nrc-s  in  pliasf  of  llic  first  and 
soCt'Md  )i.i  I i.i'inii-  of  llio  (1  il'-  varicition  for  t ach  of  Uicso  stalionf.  between 
.o.il  1"V  ’ O'*’'-  , IV'oa  I,;  1976  for  Mexico  City)  show  differences  ]c!ss 
then  one  i,o’;r  in  the  1,'  : ■ o'‘  the  first  and  second  liarmonic  of  t!ie  daily 
vari  iti  in  ii  1 .e  10-\a  e>-  inli  r\als  cunsidered.  In  most  cases  the  diffc  rences 
are  i.r  t'le  urd.  r of  10  n imiles,  far  too  small  to  be  easily  detected  by  present 
ojie  r,i  t i on  i'  t eclni;  (j'le  s , 

An  iiispi  i t ion  of  the  results  of  responses  to  hypothetical  "square  wave" 
function;.  ;.hii.  thet  tlie  d i f fe  re  ne s in  maximum  phtise  between  two  succes- 
sive lt)-<  in!  rvels  wi're  typically  less  than  15  deprees  in  longitude  exccjit 
for  the  e.'.tin  i:u  h narrow  and  unrealistic  anisotropy  of  10  degrees  in  width. 
I'ii'U'n  1 ill '.1st  rat  t 'ine  of  t'ne  majuj-  differences,  a phase  shift  of  30  calcu- 
lated lino  1 ayo  for  a souare  wave  anisotrojjy  30°  in  width,  and  having  a 
maxiii'um  uniu  r limiting  rieiflity  of  GV.  Figure  2 illustrates  a more 
lyjdtal  siiov.i;i!'  the  tlifferenccs  ciilculated  for  Buenos  Aires  using  a 60 

wide  f.«,)Ua;e  v .tie  and  500  G \'  e.pper  limiting  rigidity. 

lnsjn.Tti'1  1 of  these  in  .'uiltr.  sliows  that  whereas  the  asymptotic  longitude 
oi  th  ' luaxlmum  respimn,'  mav  change  somewhat  depending  on  the  geomagnetic 
field  used  in  ihi-  original  calculations,  the  cf.angcns  in  aniYiIitude  and  general 
shajK'  of  tlie  curves  arc-  so  sliglit  tliat  they  would  be  exceedingly  difficult  to 
observe  esperiirn  iitally.  'I'lie  slight  differences  that  do  exist  are  because  of 
the  wide  s]->r(.-ad  of  asymptotic  directions  near  the  cutoff  value  as  suggested 
by  Gall  (1971). 

4.  ALTITUDE  EFFECT 

To  investigate  the  altitude  effect,  asymptotic  directions  were  calculated 
for  neutron  monitors  at  F.agnercs  de  Bigorre  (geographic  latitude  43.08°, 
longitude  0.15*^E,  altitude  550  meters)  and  Pic  du  Midi  (geographic  latitude 
42.  93°N,  longitude  0.  25°E,  altit’udc  2860  incters).  The  IGKF  coefficients 
for  Epoch  1975  (lAGA  Division  1 Study  Croup,  1976)  were  used  for  these  cr.l- 
culalions.  In  comparing  the  first  and  second  harmonic  of  the  daily  variation 
between  these  two  stations,  differences  of  less  tlian  15  minutes  were  found 
for  each  harmonic.  For  the  responses  of  those  two  stations  to  hypothetical 
.square  wave  anisotropies,  tlie  differt'nccs  in  phase  between  the  two  locatii^ns 
are  all  less  than  10°  in  longitude  with  tlie  exception  of  the  unrealistic  c.\;  e 
of  a very  narrow  anisotropy  of  10*^  in  width.  These  differences  are  too  small 
to  affect  the  results  of  an  investigation  on  spatial  anisotropies.  ^ 

'J’hc  resYionscs  of  these  two  neutron  monitors  to  a square  wave  oO  in 
.width  and  having  upper  limiting  rigidities  of  500  GV  are  shown  in  Figuim  3. 

As  illustrated,  tlie  location  of  maximum  response  is  shifted  by  only  5°  in 
longitudi'.  For  an  uiiper  limiting  rigidity  of  29  GV,  the  location  of  maximum 
response  does  not  change.  In  addition,  the  general  sliape  of  tlie  curves  are 
very  siniilar  for  the  tv.o  locations,  as  can  be  seen  from  the  illustration. 


5.  CONCLUSION 

From  these  rera.dls  we  conchidi'  the  following; 

(I)  'J'be  altitude  ef'cit  on  the  v.i  riat  ional  coefficients  i.s  very  sm.i'l 
for  r«'alistic  anisotropies.  'J'hus  any  differi'iices  in  the  apjdie.ilion  of  the;.<‘ 


ASYMPTOTIC  LC'.’.SITUDE  C’P  f ULSC  CDJTCn 


Figure  1,  The  response  of  a neutron  monitor  at  lliinncayo,  I’eru  to  n '•!/" 
square  pulse  cosmic,  ray  anisotropy  (Tune  of  a celestial  sphc're)  th.al  c 
to  29  GV  and  has  a spectrum  that  is  independent  of  rigidity  foi  lipocl.  1 
and  1975.  The  longitude  of  Iluancayo  is  indicated  by  an  arrow  labeled 
"station  location". 


A&YMP701TC  LONGITUDE  00  PULSE  CENTER 


l iguri-  2,  The  response  of  a neutron  nn.milor  at  Buenos  Aires,  / • ’.  'nt  i r-; 

wide  sqe.’re  piil.-u’'  cos'-iic  ray  anisotro]iy  (lune  of  a celesti.i'  ' I'h  le) 
extends  t f>  !u:0  CV  and  has  a spi'etrnm  that  is  indepeivlent  of  rij  'dty  lor 
li(Ki."hs  and  1973,  The  1 on;;  i ( luie  >/f  lUienos  Aites  is  indie  i.)  .".i 

labeled  "stalion  location". 
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v.irialional  a oc f fi ( irnt  s to  itwo ;.t  ? <>.  t c ooMoic  r<t)  ijliononiona  cannot  bo 
a re  riljcii  to  an  allitudo  ofi--<t. 

(Z)  'Hin  presently  availtible  tables  of  variation  ;1  coefficients  aj-e 
adequate  for  th.'  analvsis  of  cosmic  ray  inti-io  ily  variations  from  to  the 

present  tinu‘,  and  that  Inc  i)iua  .nu'l  ic  field  nli!i/.ed  in  iht'  calctilat  ions  t>f 
these  tables  is  mat  a liiiiitini;  factor  in  their  use. 

Aeknov.l <^^',enieid . The  authors  itratefully  thank  Mr.  S.  K.  Weniper  for  his 
valvitible  tissistamo'  with  the  oaKulations  necu  ssairy  for  tiiis  pajM'i. 
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AW-rtoiic  uj.;onu:r  or  rutr.i;  ccutlp. 

Figure  3.  The  response  of  neutron  monitors  at  I’ic  <Ju  Midi  and  flagneres  de 
Bigorre  to  a 60”  wide  square  pulse  cosmic  ray  nnisotroiiy  (luno  of  a celestial 
sphere)  that  extends  to  500  CV  and  has  a spectrum  Ihr.t  is  iiuUpendcnt  ot 
rigidity.  The  longitude  of  tlie.  stations  are  indicated  by  arrows  labeled 
"station  location". 
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